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Study Schedule No. 31 


For each study step, read the assigned pages first at 
your usual speed. Reread slowly one or more times. 
Finish with one quick reading to fix important facts 
firmly in mind, then answer the Lesson Questions for 
that step. Study each other step in this same way. 


□ 1. Making Receivers Easy to Tune; Current-Controlled Visual Tuning 

lndica>ors£VoRage-Controlled Visual Tuning Indicators - Pages 1-8 

Here is a wealth of practical information which you’ll appreciate even more 
once yon begin working on receivers which have tuning indicators. Give par¬ 
ticular attention to the section on cathode ray tuning indicators, because you 
will encounter these more than any other types. Answer Lesson Questions 
1, 2 and 3. 

D 2. Unique Tuning Aids; Essential Sections of an A.F.C. System; The 

Discriminator Circuit - - - -- -- -- -- - Pages 8-13 

Here we have brief but interesting descriptions of one-ef-a-kind tuning indi¬ 
cators which are to be found on only a few models of receivers. One reading 
now will be enough, because you can always refer to this section later. Study 
thoroughly every bit of the information on a.f,c. systems, however, because this 
basic information applies also to f.m. receivers. Answer Lesson Questions 
4, 5 and 6. 

□ 3. Review of Phase; Discriminator Circuit Action; The Oscillator 

Control Circuit - - - -.. . Pages 13-19 

Study this material slowly because every word counts. It isn’t exactly essen¬ 
tial to understand all this theory in order to fix a receiver having an a.f.c. 
system or repair an f.m. receiver, but this knowledge will definitely help a 
lot in most jobs of this type. Furthermore, any man who understands how 
an a.f.c. system works is really deserving of promotion from the ranks of a 
beginning student to an advanced group. There are thousands of actual 
servicemen who do not understand the material yon will study here. 

□ 4. Typical A.F.C. Circuits; Adjusting A.F.C* Systems - - - Pages 19-28 

Here are practical examples from actual receivers, to illustrate the theory you 
learned in the first part of this lesson. Take it slow and easy, because fast 
reading will get you nowhere in material of this nature. Answer Lesson 
Questions 7, 8, 9 and 10. 

□ 5. Mail your Answers for this Lesson to N.R.I. for Grading. 

□ 6. Start Studying the Next Lesson. 
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Tuning Indicators and Automatic 
Frequency Controls for Radio Receivers 


Making Receivers Easy To Tune 

*J\HE tuning dial of a selective, mod¬ 
ern receiver may require adjust¬ 
ments which are accurate to within 
one-hundredth of an inch movement 
of the dial pointer on its scale, if the 
desired signal is to be tuned in prop¬ 
erly, free from distortion. The effects 
of improper tuning upon the wave 
form of a signal are clearly shown by 
the diagrams in Fig. 1. 

Receiver designers recognize the 
difficulties involved in tuning a re¬ 
ceiver with this high degree of ac¬ 
curacy, and for this reason have pro¬ 
vided a number of tuning aids on the 
receiver. Large tlial scales are pro¬ 
vided, with correspondingly longer 
pointers, to make small movements of 
the pointer more readily distinguish¬ 
able. Two-speed adjusting knobs, 
one turning the tuning condenser as¬ 
sembly directly and the other through 
a mechanical speed-reducing or ver¬ 
nier mechanism, further simplify ac¬ 
curate tuning. 

A dial designed for accurate tuning 
is of little value if the listener has to 
rely upon his ears as a guide for 
proper tuning. The reasons for this 
are quite simple; loudness is not a de¬ 
pendable guide because about equal 
loudness is secured for several kilo¬ 
cycles on either side of resonance, due 
to A.V.C. action. Clarity of recep¬ 
tion is likewise a poor guide, for the 
average individual is not capable of 
telling immediately whether or not 
distortion is present. (In a receiver 
having A.V.C. but no tuning indicator 
we could, of course, tune for maxi¬ 
mum volume with minimum back¬ 
ground noise, but few people realize 
that this can serve as a guide for cor¬ 
rect tuning.) 


Tuning Indicators, The introduc¬ 
tion of automatic volume control 
practically forced radio designers to 
develop another improvement, the 
visual tuning indicator. Fortunately, 
there is in A.V.C. receivers a voltage 
or current which either reaches a 
maximum or minimum value when 
the receiver is correctly tuned. This 
voltage or current can be made to 
operate a simple meter-type indicator 
having either a needle pointer or a 
shadow indicator; other types of in¬ 
dicators used for this purpose include 
a cathode ray indicator tube (often 



FIG. 1* These diagrams, copied from curves pro¬ 
duced on the screen of a cathode ray oscilloscope in 
the N. R. I. laboratory, show what happens when 
a selective radio receiver is carelessly tuned. At A 
is the audio output curve secured when flie receiver 
is correctly tuned to a carrier modulated with a 
single pure sine wave; there is no distortion. The 
slightly-distorted audio output wave form produced 
when the receiver is tuned about 2 Icc. above the 
input R.F. carrier frequency appears at B, while the 
severely distorted wave form at 10 kc. off-tune 
appears at C. 


called a magic eye), a miniature elec¬ 
tric lamp providing flash tuning, or an 
audio beat oscillator which provides 
an audible indication of incorrect tun¬ 
ing. 

Visual tuning indicators are by no 
means a perfect solution to this prob¬ 
lem of tuning, for even with the best 
types of indicators the average broad¬ 
cast listener finds it difficult to tune 
exactly at all times. Correct tuning 
requires patience and careful watch¬ 
ing of the tuning indicator; a person 
who is relaxing to enjoy a radio pro¬ 
gram does not care to bother with the 
details of proper tuning. 
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Radio engineers recognise that 
slight mistiming is relatively unim¬ 
portant during th*s first few moments 
of listening. After the radio receiver 
has been in operation for an hour or 
so, however, even small amounts of 
distortion become objectionable al¬ 
though they cannot consciously be 
recognized by the listener. Distortion 
appears to affect the nervous system, 
making a person tired of listening 
even to a good program. 

Since the success of the entire Ra¬ 
dio industry, including broadcasters 
and receiver manufacturers alike, de¬ 
pends upon having a large listening 
public, it is only natural that radio 
receiver engineers continued their 
search for devices and methods which 
would simplify the tuning of receivers. 
Their goal was a system which would 
permit even a small child to tune in 
the receiver just as well as could a 
radio expert. 

Automatic Frequency Controls. As 
you know, in a superheterodyne re¬ 
ceiver it is the local oscillator fre¬ 
quency which, more than anything 
else, determines the value of the I.F. 
signal. When this I.F. signal fre¬ 
quency is different from the I.F. value 
of the receiver, due to improper tun¬ 
ing, distortion will be present and 
sensitivity will be poor. 

The superheterodyne receiver cir¬ 
cuit is well suited for automatic tun¬ 
ing; even though it may be as much 
as 5 kc. off resonance, the tuning can 
be corrected merely by adjusting the 
oscillator trimmer condenser or by 
changing the inductance of the oscil¬ 
lator coil. 

With this basic superheterodyne 
principle in mind, radio engineers pro¬ 
duced a circuit for developing auto¬ 
matically a voltage which is propor¬ 
tional to the amount by which the 
oscillator is off resonance. This volt¬ 
age is fed into a special vacuum tube 
circuit which is connected to the oscil¬ 


lator and has the peculiar ability of 
being able to change the inductance 
or capacity of the oscillator circuit 
just enough to produce the correct 
I.F. signal value. This system of 
automatic frequency control is com¬ 
monly called A.F.C. 

When a receiver is equipped with 
A.F.C., the listener merely tunes in 
the desired signal as best he can with¬ 
out any particular attention to ac¬ 
curacy of tuning; the A.F.C. system 
then automatically completes the tun¬ 
ing procedure. 

Automatic frequency control sys- 



Fig. 2. Examples of current-controlled tuning in¬ 
dicators using an inexpensive mUliammeter move¬ 
ment which consists essentially of a solenoid (coil) 
of about 1000 ohms resistance, inside which moves 
e long, pointed steel vane to which is attached the 
indicating pointer. ^ The greeter the D.C current 
through the solenoid, the greater is the force which 
pulls the vane into the solenoid end moves the 
pointer. At C is a shsdowgreph tuning indicator 
using e milliammeter movement; its operating prin¬ 
ciple is illustrated in Fig. 3. 

terns are used chiefly in those larger 
receivers which have some type of 
automatic push button tuning sys¬ 
tem; in fact, A.F.C. is essential in a 
receiver having the electro-mechani¬ 
cal (motor-driven) type of automatic 
tuning system in order to correct for 
slight inaccuracies in the mechanical 
action of the tuning mechanism and 
compensate automatically for oscilla¬ 
tor frequency drift. 

Tuning aids and automatic fre¬ 
quency control systems provide addi¬ 
tional problems for the Radiotrician. 



The operating principles of the de¬ 
vices in general use for tuning aids 
must be thoroughly understood be¬ 
fore service can be rendered, so these 
principles will now be taken up. 

Current-Controlled Visual 
Tuning Indicators 

Meter-Type Indicator. Meter-type 
tuning indicators are ordinarily con¬ 
nected into the plate supply lead going 
to one or more A.V.C.-controlled 
stages. The average D.C. plate cur¬ 
rent drawn by a screen grid or pen¬ 
tode tube with normal C bias is about 
5 milliamperes; this plate current 
drops practically to zero when the 
A.V.C. system increases this negative 
C bias to 40 or 50 volts. A 0-5 ma. 
milliammeter movement can there¬ 
fore be used as a meter-type tuning 
indicator. 

In Fig. SA is shown one form of a 
meter-type tuning indicator. This 
unit is attached to the receiver chassis 
in such a way that the face of the 
meter can be viewed through a hole in 
the receiver panel. An escutcheon 
plate like that shown in Fig. SB is 
often used with this meter to improve 
its appearance, and a pilot lamp is 
sometimes mounted below the meter 
to illuminate the scale through the 
window which can be seen in Fig. SA. 
The no-current position of the pointer 
is at the extreme right, as shown in 
these views. With the meter con¬ 
nected to indicate D.C. plate currents 
of an A.V.C.-controlled stage, the cur¬ 
rent through the meter is a maximum 
when no signal is tuned in, and the 
pointer will be at the extreme left. 
Tuning in a carrier signal causes 
A.V.C, action to decrease the D.C. 
plate current for the A.V.C.-controlled 
stages, and the tuning meter pointer 
therefore moves toward its zero posi¬ 
tion at the extreme right. The listener 
tunes the receiver for a maximum de¬ 
flection to the right, or in other words, 


tunes for greatest swing to the right, 
for this corresponds to at-resonance 
conditions in the receiver circuit. 

There are a number of variations of 
the simple meter movement just de¬ 
scribed, but all depend upon the same 
operating principles. In one case a 
small, round black disc is mounted on 
the end of the meter pointer; this disc 
moves over a series of concentric cir¬ 
cles, alternately black and white, like 
those on rifle targets. The no-current 
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FIG. 3. In this shadowgraph tuning indicator, a 
large current causes the meter movement to place 
the vane in position B, giving a maximum-width 
shadow. Tuning in a station reduces the current, 
making the vane take various positions, such as at 
C and D; the listener tunes for minimum shadow, 
since this corresponds to exact resonance for any 
station. 

position of the disc is at the center of 
the target, and the listener therefore 
tunes to get this pointer as close as 
possible to the center; manufacturers’ 
instructions say: "Tune for a bull’s 
eye.” 

Shadowgraph Tuning Indicator. 
Perhaps the most widely used varia¬ 
tion of the tuning meter movement is 
the shadowgraph tuning indicator 
shown in Fig. SC. This contains a 
frosted glass or celluloid screen which 
is mounted so as to be visible from 
the front of the receiver panel. Be¬ 
hind this screen is a pilot lamp, the 
light from which passes through a 
small window and past a small rec¬ 
tangular vane attached to the meter 
movement before reaching the screen. 
When meter current is a maximum, 
this vane blocks most of the light, 
casting a shadow on the screen. As 
resonance is approached when tuning 
in a station, the meter movement ro- 
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tates the vane towards its zero posi¬ 
tion, giving a minimum-width shadow. 
Details of this arrangement are shown 
in Fig. 8A, and the effects of vane 
position upon the width of the shadow 
are shown in Figs. SB, SC and SD. 

Circuit Connections. When a tun¬ 
ing meter is to be actuated by the 
D.C. plate current of only one A.V.C.- 
controlled stage, connections into the 
plate supply lead of this A.V.C.-con¬ 
trolled tube may be made as shown 



FIG. 4. Connection* foe * meter-type tuning indi¬ 
cator for a eingle A.V.C.-controlled atege (A) and 
for the common plate aupply lead to two A.V.C.- 
controlled stages (B), 

in Fig. 4A. Notice that by-pass con¬ 
denser Cpi prevents R.F. and I.F. cur¬ 
rents from passing through the tun¬ 
ing indicator. The resistance of the 
tuning indicator drops the D.C. plate 
voltage about 5 to 10 volts. 

When the D.C. plate current to 
more than one A.V.C.-controlled am¬ 
plifier stage is passed through the tun¬ 
ing indicator, connections into the 
plate supply lead going to these 
A.V.C.-controlled tubes may be as 
shown in Fig. J^B. Naturally the cur¬ 
rent range for the indicator in this 


circuit must be greater than for the 
-tuning indicator in Fig. UA. The 
meter movement should be selected 
to give nearly full-scale deflection 
to the left for a no-carrier-signal 
condition, in order to give maximum 
meter movement when a station is 
tuned in. Notice that by-pass con¬ 
densers Cpi and Cp 2 are used in this 
arrangement to keep R.F. and I.F. 
currents out of the tuning indicator. 

Voltage-Controlled Visual 
Tuning Indicators 

Cathode Ray Tuning Indicator. A 
special cathode ray tube which acts 
essentially as a high-resistance volt¬ 
meter is used in many receivers as a 
voltage-controlled visual tuning indi¬ 
cator. The D.C. voltage developed 
across the load resistor of a diode sec¬ 
ond detector-A.V.C. tube in a receiver 
is used to control the cathode ray 
tuning indicator, since this voltage 
varies with carrier level. 

The operating principle of a cath¬ 
ode ray tuning indicator tube is es¬ 
sentially the same as that of the cath¬ 
ode ray oscilloscope tube. Electrons 
striking a surface coated with a fluo¬ 
rescent material (such as willemite) 
cause the surface to glow with a 
greenish light. The diode detector 
load voltage determines the amount 
of surface which glows at any time, 
and thus we have a simple and highly 
attractive tuning indicator. 

In a cathode ray tuning indicator 
an oxide-coated cathode, heated by a 
filament, is mounted in the center of 
a cone-shaped anode having a coat¬ 
ing of fluorescent material on its in¬ 
ner surface, as indicated in Fig. BA. 
When a D.C. voltage is applied be¬ 
tween the cathode and the anode, the 
electrons emitted by the heated cath¬ 
ode will strike the inner surface of the 
anode, called the target, and the en¬ 
tire inside of the circular cone or tar- 
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get will glow with a greenish light. 
In addition, a thin, vertical dart or 
vane is located between the target 
and the cathode, as shown in Fig. 6B. 
This dart is known as the control 
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FIG. 5. 


Essential element* of a cathode ray tuning 
indicator tube. 


electrode, for it determines how much 
of the target will glow. 

When the control electrode is con¬ 
nected to the cathode, it has no elec¬ 
trical influence upon the electrons 
emitted by the cathode, but does have 
a physical blocking effect which pre¬ 
vents electrons from reaching that 
portion of the target directly behind 
it. We thus have a shadow in back 
of the control electrode, as indicated 
in Fig. 6A. Making the control elec¬ 
trode negative with respect to the 
cathode, as in Fig. 6B, widens this 
shadow, for the control electrode now 
has a repelling effect on the emitted 
electrons. When the control electrode 
is made positive with respect to the 
cathode, however, it serves to speed 
up the emitted electrons and to make 
them bend towards the shadow region, 
narrowing the shadow as indicated in 



FIG. 6. Variation of shadow angle with control 
electrode potential in ^ a typical cathode ray tuning 
indicator tube. 


Fig. 6C. When the control electrode 
is highly positive, as in Fig. 6D, the 
shadow becomes very narrow or dis¬ 
appears entirely. 

When a receiver having a diode de¬ 


tector is tuned to resonance, the diode 
load voltage increases in a negative 
direction with respect to the chassis 
or ground. If we want the shadow 
angle to close up as a station is tuned 
in, we must convert this increasing 
negative voltage into an increasing 
positive voltage for the control elec¬ 
trode of the cathode ray indicator 



Cowrteay National Union Radio Corp . 
FIG. 7. Cutaway view showing construction of 6G5 
cathode ray tuning indicator tube. 

tube. This can quite easily be done 
by introducing a triode amplifier be¬ 
tween the detector load and the con¬ 
trol electrode of the indicator tube; 
in an actual cathode ray indicator 
tube like that shown in Fig. 7, this 
triode amplifier is built into the same 
envelope as the target system. 

The schematic circuit diagram in 
Fig. 8 gives in simplified form exactly 
the same information as the pictorial 
sketch in Fig. 7. In addition, this 
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diagram shows that the target con¬ 
nects directly to the B-j—|- D.C. sup¬ 
ply source, while the plate of the tri- 
ode tube connects to this source 
through resistor R, which is usually 
1 megohm. The common cathode for 
the two tubes is grounded to the re¬ 
ceiver chassis, and the A.V.C. voltage 
is applied between the control grid of 
the triode section and the cathode. 

When a receiver which has a cath¬ 
ode ray tuning indicator is tuned be- 



FIG. 8. Schematic symbol foe a catboda ray 
tuning indicator tube* External rstittor R 
is always used between tfaa triode plat* and 
the target. Circuit variations have little ef¬ 
fect upon target current, since the target 
receives a constant D.C. supply voltage. 

tween stations, there is no carrier sig¬ 
nal and consequently there is no 
A.V.C. voltage developed across the 
detector load resistor. Under this 
condition the C bias for the triode 
section of the indicator tube is zero 
(Exvc is zero) and D.C. plate current 
Ip for the triode section depends upon 
the B-|—1- supply voltage, the value 
of resistor R and upon the plate-to- 
cathode resistance of the triode sec¬ 
tion. Since this plate-to-cathode re¬ 
sistance is quite low for zero grid 
bias, current / P is high, and creates a 
high voltage drop across R . The tri¬ 
ode plate voltage is consequently con¬ 
siderably less than the target voltage 
(because of this drop across 5). The 
control electrode (connected directly 
to the triode plate) likewise has con¬ 
siderably less voltage than the target 
when no station is tuned in, and the 
shadow angle is therefore large. 

When the receiver is tuned to a de¬ 
sired station carrier signal (is tuned 
to resonance), the A.V.C. voltage de¬ 


veloped across the detector load in- 
-creases, driving the triode grid of the 
indicator tube negative and increas¬ 
ing the D.C. plate resistance of the 
triode section. The result is reduced 
D.C. plate current and a lowered volt¬ 
age drop across resistor R. The tri¬ 
ode plate voltage and the control 
electrode voltage become more nearly 
equal to the target voltage, and the 
increasing positive voltage on the con¬ 
trol electrode decreases the shadow 
angle on the target. This shadow an¬ 
gle will be a minimum when the re¬ 
ceiver is tuned exactly to resonance 
for a particular station. For distant 
stations the minimum shadow angle 
will be considerably greater than for 
local stations. 

It is possible to adjust a cathode 
ray indicator tube circuit to make the 
shadow vanish for either small or 
large A.V.C. voltages. With circuits 
designed so the shadow closes on low 
A.V.C. voltages, however, the tuning 
in of strong carrier signals will com¬ 
pletely close the shadow before reso¬ 
nance occurs and an exact indication 
of resonance will not be possible. On 
the other hand, if the circuit is de¬ 
signed so the shadow will completely 
close only for strong local carrier sig¬ 
nals, then the change in shadow angle 
for weak signals may be inadequate 
for accurate tuning. (This is not a 
serious drawback, however, for it is 
ordinarily easy to tune in a weak sta¬ 
tion accurately by ear.) 

The A.V.C. voltage is, of course, the 
primary control upon the shadow an¬ 
gle. The angle for zero A.V.C. volt¬ 
age is governed essentially by the de¬ 
sign of the tube, but the amount 
which the shadow closes for a given 
increase in A.V.C. voltage is deter¬ 
mined by the target voltage and by 
the value of series resistor R. 

Curve 1 in Fig. 9 tells how the 
shadow angle varies with A.V.C. volt¬ 
age when the supply voltage is low 
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(100 volts) and the ohmic value of R 
is low (.5 megohm). Observe that 
the shadow angle is 90 degrees for 
aero A.Y.C. voltage, and the shadow 
is completely closed (0° shadow an- 



TROOE GRID BIAS IN VOLTS 


FIG. 9. Thb grtph shows how shadow angle vane* 
with grid voltage tor a 6G5 cathode ray tuning in¬ 
dicator tuba. Curve li R = .3 megohm and B-f+ 
voltage = 100 voltst curve 2: R = 1 megohm and 
B-f—f- voltage = 250 volts. 


gle) at an A.Y.C. voltage of about 
—8 volts (the curves in Fig. 9 apply 
to a 6G5 tube). Curve 2 in Fig. 9 is 
for a high plate supply voltage and a 
high value of R; in this case the 
shadow does not close until the A.V.C. 
voltage has driven the triode tube grid 
to —23 volts. 

We can draw the following conclu¬ 
sions from the curves in Fig. 9: 1 , to 
make the shadow close at a more 
negative grid bias value, increase the 
supply voltage to the tube; ' 2 , to make 
the shadow close at a less negative 
value (so it will close for weak carrier 
signals), reduce the supply voltage to 
the tube. To secure the desired open 
shadow angle, usually about 90 de¬ 
grees, adjust resistor R when no car¬ 
rier signal is present. With these 
facts in mind, you will be able to ad¬ 
just a cathode ray indicator tube for 
satisfactory operation on either local 
or distant stations. Most receivers 
are adjusted for a characteristic curve 
approximating curve 2 in Fig. 9 , for 
this gives a reasonable change in 


shadow angle at all reasonable carrier 
levels. 

Adding a Cathode Ray Indicator 
Tube to a Receiver. A suitable cir¬ 
cuit is shown in Fig. 10A; all parts 
which are added to the original re¬ 
ceiver circuit are shown in heavy 
lines. Note that the grid of the 6G5 
cathode ray tuning indicator tube is 
connected through a 1-megohm re¬ 
sistor Ri to the A.V.C. voltage source 
in the receiver. This connection could 
be to the minus terminal of the diode 
detector load, but since this terminal 
may furnish as much as —40 volts 
when a strong local station is tuned 
in, it is better to place voltage divider 
R2-R3 across the diode load and make 
a connection to this. 

The larger the value of R 2 with re¬ 
spect to that of R 3 , the lower will be 
the maximum A.V.C. voltage applied 
to the indicator tube. Ri prevents the 
6G5 tube from shorting the diode load 



FIG. 10A. ThU diagram ihow* you how a cathoda 
ray indicator tuba would be connected between the 
A.V.C. supply terminal and ground in a receiver. 
The only extra parts required, in addition to the 
type 6GS indicator tube and it# standard 6-prong 
socket, are resistors R, R\, R% and H*, and condenser 
Ci. You will sometimes find the control electrode 
and target represented as shown hera rather than as 
in Fig. 8, so (earn to recognize both types of 
diagrams. 


or the voltage divider; in addition, i2i 
serves with C\ as an A.F. filter which 
prevents the shadow from flickering 
at an A.F. value. 

Wide-Angle Tuning. The shadow 
angle for a no-signal condition in the 
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average cathode ray tuning indicator 
tube is 90°, but this can be increased 
approximately to 180° by inserting an 
ordinary triode amplifier tube be¬ 
tween the A.V.C. supply terminal and 
the indicator tube in the manner 
shown in Fig. 10 B. 

When there is no carrier signal in 
the diode second detector circuit of a 
receiver, there is no A.V.C. voltage 
developed across the diode load, and 
consequently the grid of VTi in Fig. 
10 B will be at zero bias. The plate 



current of this tube is then high, and 
the plate-cathode resistance of VTi 
drops so low that point x is nearly at 
ground potential. Since the cathode 
of VT 2 is +125 volts with respect to 
ground, the triode plate and the con¬ 
trol electrode of VT 2 are —125 volts 
with respect to the cathode of this 
tube; under this condition the shadow 
angle is approximately 180°. 

When a highly negative A.V.C. 
voltage is applied to the grid of VT\ 
(tuning the receiver to a powerful 
local station would do this), the plate 
current of VT\ drops nearly to zero; 
under this condition the D.C. resist¬ 
ance of VT\ is so much higher than 
the 1-megohm resistance of R that 
point x praetically assumes B+ po¬ 
tential of +250 volts. This places the 
triode plate and the control electrode 
at about +125 volts with respect to 
the cathode of VT 2l giving zero 
shadow angle. Weaker signals give 
shadow angles between 0 and 180°, 


with the change in shadow angle while 
tuning in a station being about twice 
as great as for an ordinary indicator 
circuit; this, of course, makes more 
accurate tuning possible. 

Unique Tuning Aids 

Although the milliammeter and the 
cathode ray tuning indicator tube are 
the most widely used tuning aids, a 
number of other unique methods have 
been developed. Three of these will 
be considered at this time: 1 , the G.E. 
Colorama indicator, using red and 
green lamps; 2 , the neon lamp flasher; 
S, the zero beat tuning indicator. 

G. E. Colorama Tuning Indicator. 
The circuit diagram of the Colorama 
tuning indicator used in a number of 
General Electric receivers is shown in 
Fig. 11 . The A.V.C. voltage de¬ 
veloped by the diode detector in the 
receiver is applied to the control grid 
of an ordinary type 6C5 triode tube 
(designated as the Colorama tuning 
indicator tube). In the plate circuit of 
this tube is the primary of the Col¬ 
orama tuning reactor (an iron-core 
transformer) while across the second¬ 
ary of this transformer is an arrange¬ 
ment of three green lamps in series 
and four red lamps in series-parallel, 
connected as indicated in Fig. 11 . 
Condenser C52, across the primary of 
the transformer, serves to filter out 
any A.F. components in the A.V.C. 
voltage; R28 and CBS are power pack 
supply filters. 

When the A.V.C. voltage is low or 
zero, as it is when the receiver is 
tuned off resonance or between sta¬ 
tions, the C bias on the 6C5 tube is 
zero and D.C. plate current for this 
tube is therefore quite high. This 
high plate current flowing through the 
primary of the Colorama tuning re¬ 
actor saturates its iron core. This 
core saturation lowers the reactance 
of the secondary winding , so that it is 
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practically a short-circuit path for 
60-cycle alternating current. Under 
this condition the green lamps are in 
effect shunted by the 15-ohm resistor 
RSO, and the current which is sent 
through the bank of red lamps and 
RSO by secondary winding S on the 
receiver power transformer is high 
enough to light all of the red lamps. 
We thus have the red lamps glowing 
whenever the A.V.C. voltage is re¬ 
duced by tuning between stations. 

Now let us see what happens when 
a station is timed in. Tuning the re¬ 
ceiver to resonance increases the nega¬ 
tive A.V.C. voltage applied to the 
grid of the 6C5 tube, and the plate 
current of this tube drops. The core 
of the Colorama tuning reactor be¬ 
comes less saturated as primary cur¬ 
rent drops, and consequently the in¬ 
ductance of secondary winding L28 
increases. The reactance of this sec¬ 
ondary winding at 60 cycles-is cor¬ 
respondingly increased, reducing the 
shunting effect of RSO and thus in¬ 
creasing the resistance of the entire 
circuit across transformer winding S . 
Less current now flows through the 
red lamps, and they begin to grow 
dim. 

At a critical negative A.V.C. volt¬ 
age, full current (.150 ampere in this 
case) flows through the green lamps, 
lighting them brightly, while the cur¬ 
rent through a red lamp is only half 
of the circuit current, because of the 
series-parallel connection. Resistor 
RSO controls the maximum current 
which can flow through the red lamps 
when the receiver is off-tune, while 
resistor R29 controls the current 
which the green lamps can draw when 
the receiver is tuned to a station, and 
also controls to a certain extent the 
current for the red lamps. These re¬ 
sistors must be properly adjusted if 
the red lights are to illuminate the 
station selector dial when the receiver 
is off resonance, and the green lights 


are to illuminate the dial when the 
receiver is at resonance. 

Neon Lamp Flasher Indicator. A 
single neon lamp connected into a cir¬ 
cuit which causes it to glow only when 
a station fs tuned in, serves as the 
tuning indicator for a number of Sil- 
vertone receivers. The circuit dia¬ 
gram is shown in Fig. IB; an ordinary 
I.F. transformer with weak coupling 

colorama colorama 

TUNING TUNING 



FIG. 11. Circuit dUgffttn of the Colorama tuning 
indicator used in General Electric Models E-101, 
E-105 and B-106 receivers. The green lamps light 
up when the receiver is properly tuned; red lamps 
illuminate tuning dial whenever receiver is off tune. 
The reactance values given here for the primary 
and secondary ( L27 and L2&) of the Colorama 
tuning reactor are for 60 cycles A.C. Ohmmeter 
measurements will therefore give considerably lower 
values. 

between the tuned primary and tuned 
secondary is connected between the 
primary of the last I.F. transformer 
and the 6B7 duo-diode-pentode which 
is designated as the flasher tube. Pri¬ 
mary circuit Li-Ci of this extra I.F. 
transformer forms a series resonant 
circuit which is connected across con¬ 
denser C in the last I.F. transformer 
circuit, with the result that the small 
I.F. voltage drop across condenser C 
is applied to Lj-Ci. At resonance this 
series resonant circuit acts as a low 
resistance, and hence does not affect 
the plate load of the last I.F. stage. 
Loose coupling between L x and L 2 in¬ 
sures higher selectivity for resonant 
circuits Li-Ci and L 2 -Ca than could 
be secured in the I.F. amplifier, for 
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we are not concerned with fidelity in 
the tuning indicator circuit. 

The I.F. voltage developed across 
resonant circuit LarCa is rectified by 
the diode section of the 6B7 flasher 
tube, and a rectified voltage is de¬ 
veloped across the 1-megohm diode 
load resistor. The control grid of the 
pentode section is connected to the 
negative terminal of this load resistor. 


LAST i f TRANS 



FIG. 12. Neon lamp flasher indicator circuit as 
used in Silvertone Models 1722 and 1732 receivers. 
The neon flasher lamp glows only when the receiver 
is tuned correctly. 

The plate of the pentode section re¬ 
ceives its D.C. voltage through 130,- 
000-ohm resistor R-; between the plate 
and the cathode is the flasher neon 
lamp which glows only when its ter¬ 
minal voltage exceeds a definite value. 
Furthermore, the terminal voltage of 
this neon lamp is equal to the supply 
voltage minus the voltage drop in 
resistor R. 

When the receiver is tuned off reso¬ 
nance, little or no I.F. voltage is ap¬ 
plied to the diode section of the 6B7 
flasher tube. As a result, no rectified 
voltage exists across the 1-megohm 
resistor, the C bias on the pentode 
section is practically zero, and plate 
current of the pentode section is high. 
This plate current produces a large 
voltage drop across resistor R, making 
the neon lamp voltage too low for it 
to glow. Since resonant circuits L x - 
Ci and L 2 -C 2 are highly selective, the 
receiver must be tuned exactly to 


resonance before enough I.F. signal 
can get through these circuits to ex¬ 
cite the diode section and produce suf¬ 
ficient negative voltage across the 1- 
megohn resistor to reduce the pentode 
plate current to a low value. Reduc¬ 
ing the plate current reduces the volt¬ 
age drop across R and raises the neon 
lamp voltage. The lamp therefore 
glows when the receiver is properly 
tuned to a station. When the receiver 
is tuned rapidly from station to sta¬ 
tion, the lamp flickers each time a 
station is passed; this is why this par¬ 
ticular arrangement is known as a 
flasher indicator. 

Zero Beat Tuning Indicator. If the 
I.F. carrier signal produced by the 
mixer-first detector of a receiver is 
mixed with a locally-produced signal 
having exactly the correct I.F. value, 
and this mixing occurs just ahead of 
the second detector, an audio beat 
(low-frequency audio note) will be 
heard in the loudspeaker whenever 
the receiver is improperly tuned to a 
station. 

When the receiver is properly 
tuned, the difference between the two 
I.F. signals will be less than 30 cycles, 
and the beat note will therefore be 
inaudible. When the receiver is tuned 
off a station, there will be no incom¬ 
ing I.F. signal to beat with the locally 
produced signal, and consequently no 
audio beat will be heard. A zero beat 
indicator of this type is entirely satis¬ 
factory provided the listener does not 
object to the squeal which occurs 
while tuning in a station. Further¬ 
more, this indicator is effective re¬ 
gardless of whether the I.F. amplifier 
is peaked or band-passed. A zero 
beat tuning indicator is also of great 
value when tuning in continuous wave 
code signals, for it provides an audi¬ 
ble tone for these signals. 

The special local oscillator circuit 
which is used as a zero beat tuning 
indicator in one receiver is shown in 
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is made up of Li and C lf with C\ be¬ 
ing adjusted to make this circuit pro¬ 
duce a frequency exactly equal to the 
I.F. value of the receiver. A.C. plate 



FIG. 15. Circuit of the R.F. otdllitor which Mtvei 
m * itro beat timing Indicator In tho Grunow Model 
12A-1241 ftcMtcr. 


current flowing through coil L 2 in¬ 
duces in Li the feed-back voltage re¬ 
quired for oscillation. The A.C. plate 
current produced by this oscillator 
flows through a 2,000-ohm 'resistor 
which is also in the plate supply lead 
of the last I.F. amplifier stage. The 
result is that an A.C. voltage is super¬ 
imposed on the D.C. plate voltage 
applied to this last I.F. stage. Two 
signals, the exact I.F. signal produced 
by the oscillator and the I.F. signal 
produced by tuning the receiver to a 
station, reach the second detector. 
After detection, we have left the de¬ 
sired audio signal and a beat note 
equal to the difference between the 
two I.F. signals; when the receiver is 
accurately tuned to a station, this dif¬ 
ference will be zero, the beat note will 
disappear, and we have what is known 
as zero beat. 

Essential Sections of an 
A.F.C. System 

The two essential sections of an 
A.F.C. system are: 1 , the discrimina¬ 
tor, which usually produces a positive 
D.C. control voltage for below-nor- 
mal I.F. signal frequencies, and a neg¬ 
ative D.C. control voltage for above¬ 
normal I.F. signal frequencies with 
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portional to the amount of error in 
tuning; S, the oscillator control cir¬ 
cuit, which converts the D.C. control 
voltages .(produced by the discrimina¬ 
tor) into changes in the effective in¬ 
ductance shunting the oscillator coil, 
thereby compensating for errors in 
tuning. The positions of these sec¬ 
tions with respect to the other stages 
of a conventional superheterodyne re¬ 
ceiver having A.F.C. are clearly 
shown by the box diagram in Fig. l\. 
Note that the I.F. amplifier feeds both 
the discriminator and the second de¬ 
tector. 

The Discriminator Circuit 

Typical Discriminator Circuit. The 
easiest way to see how the discrimina¬ 
tor circuit in an A.F.C. system can 
furnish a D.C. control voltage of suit¬ 
able polarity is to consider an actual 
discriminator circuit, as given in Fig. 
15 We will first “get our bearings” 
by analyzing this circuit in a general 
manner, after which we will be ready 
to consider in detail the manner in 
which the D.C. control voltage is pro¬ 
duced. 

In the input circuit for the discrimi¬ 
nator tube in Fig. 15 we find parallel 
resonant circuit Lp-Cp serving as the 
plate load for the last I.F. stage, and 
inductively coupled to series resonant 
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circuit Li-L 2 -C. Both of these reso¬ 
nant circuits are tuned to the exact I.F. 
value of the receiver. The coil in the 
series resonant circuit is split into two 
section of equal size L\ and L 2 , and 
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the plate (.high tt.h .J terminal oi tne 

parallel resonant circuit is connected 
to the common terminal of these coils 
through D.C. blocking condenser Cb- 
The discriminator tube is a double 
diode rectifier tube (a 6 H 6 tube is 
most generally used), with the plate 
of each diode section connected to one 
terminal of the series resonant circuit 
and the cathodes connected together 
through equal-value resistors R x and 
R 2 . Each resistor is shunted by a by¬ 
pass condenser (Ci and C 2 ) and one 
cathode is grounded directly, hence 


age which we will designate as e%. 
This voltage acts in series with Li, L 2 
and C in our series resonant circuit, 
causing a current to flow through the 
two coil sections. This current de¬ 
velops I.F. voltage e\ across coil sec¬ 
tion L\ and develops I.F. voltage e 2 
across coil ^section L 2 . For any con¬ 
dition of tuning, voltage e\ will al¬ 
ways be equal to e 2 in magnitude. 

We can now see that I.F. voltage e\ 
acts in series with I.F. voltage e P on 
diode section D lf and the resulting 
rectified electron current ii flows 
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FIG. 15. Conventional discriminator circuit. 


both cathodes of the discriminator 
tube are at ground I.F. potential. 

Notice now that the I.F. voltage 
developed across the parallel resonant 
circuit in the last I.F. stage is applied 
across choke coil CH, this I.F. voltage 
being designated as e P (condenser Cb 
provides a direct path for I.F. current 
from the plate end of the parallel 
resonant circuit to point 1 and one 
terminal of the choke coil, and the 
path from the other end of the parallel 
resonant circuit is through by-pass 
condenser C 3 to the receiver chassis, 
through the chassis to the grounded 
end of R 2 and then through by-pass 
condenser C 2 to point 8 and the other 
terminal of the choke coil). This I.F. 
voltage ep developed across choke coil 
CH is in turn applied to points 1 and 
8 in the discriminator circuit. 

Current i, flowing through the coil 
of the parallel resonant circuit, in¬ 
duces into secondary coil L x -L 2 a volt- 


through R x , developing across this re¬ 
sistor a D.C. voltage having the po¬ 
larity indicated in Fig. 15. Likewise, 
e 2 and e P act upon diode section D 2 , 
and rectified electron current i 2 pro¬ 
duces a D.C. voltage across R 2 with 
the polarity shown. 

Since we are dealing with A.C. volt¬ 
ages in this discriminator circuit, 
phase must of course be taken into ac¬ 
count when we consider their com¬ 
bined effects. 

Correct Tuning. When the phase 
difference between and e P is the 
same as that between e 2 and e P , the 
net voltages acting upon diode sec¬ 
tions Z>i and D 2 will be equal in mag¬ 
nitude; equal values of rectified cur¬ 
rent will then flow through the two 
resistors, making the D.C. voltage 
drop across R\ equal to that across 
R 2 . The net D.C. control voltage 
produced across these two resistors 
(between point 5 and ground) will be 
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opposite polarity, and the A.F.C. 
system will have no effect upon the 
oscillator. This is, of course, the con¬ 
dition for correct tuning of the re¬ 
ceiver to a station. 

Incorrect Tuning. When the fre¬ 
quency of the received I.F. signal does 
not correspond to the resonant fre¬ 
quency of the tuned circuits in the 


e 2 



FIG. 16. Vector diagtimi showing conditions in 
the discriminator circuit when the receiver is cor¬ 
rectly tuned. 


discriminator (because of incorrect 
tuning), e\ and e 2 no longer have the 
same phase relationship with e P , and 
consequently the A.C. voltages acting 
upon the diode sections are different 
in magnitude." Unequal rectified cur¬ 
rents through It! and R 2 produce un- 
I equal voltage drops which, when com- 
I bined, leave the desired D.C. control ' 
voltage to act upon the oscillator con-/' 

, trol circuit and correct for the error 
\ in tuning. 

Since any detailed analysis of the 
action of an A.F.C. system must 
necessarily involve phase, it will be 
well at this time to review the funda¬ 
mental facts about phase which you 
have already studied. 

Review of Phase 

All the information you need know 
about the phase relationships of volt¬ 
ages and currents for the parts in an 
A.F.C. circuit is given in Chart 1 , page 
27. The essential facts presented by 
this chart, particularly by the vector 
diagrams in the fourth column, are: 

Resistors x The voltage across a resistor is in 
pints 4 with the current through it. 


the current through it by 90* (the 
current therefore lags the voltage by 
90*), 

Condensers: The voltage across a perfect con¬ 
denser lags the current through 
it by 90 9 (the current there¬ 
fore leads the voltage by 90*). 

Transformers: The voltage induced in the 
secondary winding of a trans¬ 
former (the open-circuit sec¬ 
ondary voltage) is 180* out 
of phase with the primary 
voltage. 

Discriminator Circuit Action 

When the I.F. Signal Frequency is 
Correct . We will first analyze the 
discriminator circuit in Fig. 15 for the 
condition where the input I.F. signal 
frequency exactly corresponds to the 
I.F. value of the receiver. In this case 
parallel resonant circuit Cp-Lp and 
series resonant circuit Li-L 2 -C will be 
resonant to the incoming signal. To 
determine the net A.C. voltages act¬ 
ing on diode section D\, we must add 
together A.C. voltages ep and ei vec- 
torially, so as to take into account 
the phase relationship of these two 
voltages. Likewise we must add to¬ 
gether e 2 and ep vectorially to find the 
net A.C. voltage acting upon diode 
section D 2 . First of all, we must 
choose some voltage or current for 
reference purposes; since ep is com¬ 
mon to all circuits under study, we 
Shall use it as our reference voltage. 
To fix this fact in mind, we draw our 
vector e P along the reference line in 
our vector diagram, as in Fig. 16A, 
using any convenient scale to deter¬ 
mine its length. 

The voltage e s which is induced in 
the secondary of the discriminator 
transformer is 180° out of phase with 
the voltage across the primary (see 
diagram P in Chart 1 ), and conse¬ 
quently we can say that e s is 18u° 
out of phase with e P . We therefore 
place vector e 8 on our vector diagram 
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indicated in Fig. 16A. 

Since the frequency of induced sec¬ 
ondary voltage es is exactly the same 
as the resonant: frequency of series 
resonant circuit L\-L 2 -C, this circuit 
acts like a resistance at resonance and 
eg will send through the circuit a cur¬ 
rent ig which is in phase with es> as 
shown in Fig. ISA. Current i 8 flows 
through L\ and L 2 , developing across 
each of these coil sections an A.C. 
voltage which leads the current by 
90° (see diagram H in Chart 1 ). 

Rather than confuse the diagram 
in Fig. 16A by adding more vectors 
to it, let us redraw it in Fig. 16B and 
place vectors e x and e 2 on this new 
diagram. Before these vectors can be 
drawn, however, one other factor must 
be taken into account. For any di¬ 
rection of current flow i& through L\ 
and L 2 , one of the coil voltage drops 
will be oppqsite in polarity (180° out 
of phase) with the other coil voltage 
drop in so far as e P is concerned. This 
is because e P acts in opposite direc¬ 
tions through the two coils (it acts in 
the direction from point 1 to point S 
through Li and from point 1 to point 
4 through L 2 ).. For this reason, if we 
show voltage drop e x as leading tg by 
90°, we must show e 2 as lagging 4 by 
90°, making e x 180° out of phase with 
e 2 . (We could just as well make e 2 
lead is by 90° and make e x lag i 8 by 
90°, for the same results would be 
secured.) Now we can draw in vector 
e% and e 2 > as shown in Fig. 16B. 

The next step is to find the net A.C. 
voltage acting upon diode section D x 
through resistor B u As was said be¬ 
fore, this voltage will be equal to 
ep -)- e 1 with phase taken into ac¬ 
count. We can add these two volt¬ 
ages quite easily on the vector dia¬ 
gram in Fig. 16B; we simply complete 
the parallelogram (rectangle) of which 
e x and e P form two sides, as indicated 
by the dotted lines x and y in Fig. 


center of our vector diagram to the 
intersection of these dotted lines. This 
line now represents the vectorial sum 
of voltages e p and e x , so we label this 
vector in this way. The length of 
vector e x + e P corresponds to the 
magnitude of the A.C. voltage acting 
upon diode section Dj. In a similar 
manner we determine that vector 
e 2 + e P is the net A.C. voltage acting 
upon diode section Z> 2 . 

These net A.C. voltages acting upon 
the diode sections will always be ex¬ 
actly equal when the I.F. signal fre¬ 
quency corresponds exactly to the I.F. 
value of the receiver. The diode sec¬ 
tions D x and D 2 will consequently 
pass currents of equal value, and the 
D.C. voltage developed across R t by 
diode current i x will exactly equal the 
D.C. voltage developed across R 2 by 
diode current i 2 . Note that these cur¬ 
rents flow in opposite directions 
through R t and i? 2 , making the volt¬ 
age drops across these resistors have 
the polarities indicated. The net 
D.C. voltage developed across the two 
resistors (between point 5 and 
ground) for the oscillator control cir¬ 
cuit is therefore zero whenever the 
I.F. signal is of the exact value. 

When the l.F. Signal Frequency is 
High . When the I.F. signal fre¬ 
quency entering the discriminator, cir¬ 
cuit is higher than the I.F. value of 
the receiver (higher than the resonant 
frequencies of Lp-C P and Lj-L^C), 
we will naturally expect the discrimi¬ 
nator circuit to produce a D.C. con¬ 
trol voltage for the oscillator control 
circuit. Let us see how this is done. 

Primary voltage e P will again be 
used as our reference voltage for the 
vector diagram. The induced voltage 
e s will again be 180° out of phase 
with the primary voltage e P , so we 
draw the vectors for these two values 
as in Fig. 17A. 

Since the frequency of e s is higher 
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than the resonant frequency of senes 
resonant circuit Li-L 2 -C, the reactance 
of coils L x -L 2 will be greater than the 
reactance of condenser C, and the en¬ 
tire series resonant circuit will act as 
an inductance whose reactance is 
equal to the difference between the 
above-mentioned reactances. We 
thus have voltage e B acting upon a 
coil; if there were no resistance in this 
circuit, we could say that circuit cur¬ 
rent i a lags the applied voltage by 90° 
(Chart/). Since this series resonant 
circuit has a certain amount of A.C. 
resistance, however, and since the net 
inductance is quite low near reso¬ 
nance, the current tg will lag the volt¬ 
age c B by less than 90*. For explana¬ 
tion purposes, let us assume that 
series resonant circuit current ig lags 
e B by 45*. We therefore draw vector 
ia lagging behind e a by 45°, as indi¬ 
cated in Fig. 17A. 

Regardless of the phase relation be¬ 
tween tg and e s , the voltage drops 
across coil sections L\ and L 2 will lead 
current tg by 90°, and since one volt¬ 
age drop acts in the opposite direc¬ 
tion from the other in so far as e P is 
concerned, we can say that A.C. volt¬ 
age e\ leads circuit current tg by 90°, 
and A.C. voltage e 2 lags tg 90°. We 
will leave Fig. 17A as it is, and re¬ 
draw the vectors in Fig. 17B for the 
complete vector diagram. Vectors ei 
and e 2 are now placed on this dia¬ 
gram. 

Again we add e x and ep, taking 
phase into account, to find the net 
A.C. voltage acting upon diode sec¬ 
tion Z>i. We do this by drawing lines 
x and y in Fig. 17B to complete the 
parallelogram having e l and e P for 
for two of its sides. The diagonal 
line drawn from the center of the vec¬ 
tor diagram to the intersection of 
these dotted lines now represents the 
net A.C. voltage, e\ 4- e P , acting upon 
diode section D x . 

In the same manner we add A.C. 


Voltages e 2 and e P in Fig. 17B, get¬ 
ting the somewhat longer vector 
e 2 + e P as the net A.C. voltage act¬ 
ing upon diode section Z) 2 . We can 
see immediately that vector e 2 4- e P 
is longer than vector e x 4- e P ; this 
means that a higher voltage acts upon 
diode section D 2 than upon D\ in Fig. 
15, and a higher rectified current 
therefore flows through R 2 than 
through i?i. The D.C. voltage drop 
across R 2 will .therefore be greater 



FIG. 17. Vector ditgrtmi *howing condition* in 
the duoritmnator circuit when the I.F. signal fre* 
quency i$ higher than the l.F. value of the receiver. 


than the D.C. voltage drop across R\, 
and only a part of the drop across R 2 
will be canceled out by the drop across 
R x . This leaves point 6 negative with 
respect to ground and thiB negative 
D.C. voltage constitutes the D.C. con¬ 
trol voltage applied to the oscillator 
control circuit. The higher the I.F. 
signal is above the I.F. value of the 
receiver, up to a certain limit, the 
higher will be this negative D.C. con¬ 
trol voltage. 

When the I.F. Signal Frequency is 
Low. If we repeat our analysis of the 
discriminator circuit in Fig. 15 and 
draw a vector diagram for the condi¬ 
tion where the I.F. signal frequency 
is lower than the I.F. value of the re¬ 
ceiver, we would find that net . A.C. 
voltage ei 4 - «p would be larger than 
e 2 4- ep> with the result that diode 
section D x produces a higher rectified 
voltage across R\ than diode D 2 does 
across R 2 . The drop across R 2 would 
cancel out only a part of the drop 
across R x , with the result that the 
D.C. control voltage between point 5 
and ground would have the same po¬ 
larity as the drop across R x . The 
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net D.C. control voltage is therefore 
positive with respect to the ground 
or chassis when the I.F. signal fre¬ 
quency is lower than the I.F. value of 
the receiver. 

S Curve jor Discriminator Circuit. 
The manner in which the D.C. con¬ 
trol voltage produced by the discrimi- 



FIG. 18. S-curve showing output characteristics of 
a discriminator circuit. 


nator varies with the I.F. signal fre¬ 
quency is usually expressed by radio 
engineers in the form of a graph like 
that in Fig. 18. The curve on this 
graph is called an S curve. Note that 
a positive D.C. control voltage is pro¬ 
duced for I.F. signal frequencies be¬ 
low the I.F. value of the receiver, and 
a negative D.C. control voltage is 
produced for I.F. signal frequencies 
above the I.F. value; this verifies the 
results of our analysis of the circuit 
in Fig. 15. Observe also that the D.C. 
control voltage increases quite uni¬ 
formly as we go above or below reso¬ 
nance, up to points a and b. The part 
of the curve between these two points 
is the operating range for the dis¬ 
criminator; slightly beyond a and b, 
further deviations from the resonant 
frequency do not give additional in¬ 
creases in D.C. control voltage. As a 
result, there is insufficient control be¬ 
yond these points and A.F.C. action 
is not complete. From a practical 
standpoint, this means that I.F. sig¬ 
nal frequencies between points a and 
b will be properly corrected by the 
AJ’.C. system, while frequencies out¬ 
side this range will not be “pulled in” 
satisfactorily. 


The Oscillator Control Circuit 

The D.C. control voltage developed 
by the discriminator (sometimes 
called the discriminator voltage) must 
be converted by the oscillator control 
circuit into an action which will in¬ 
crease or decrease the oscillator fre¬ 
quency the correct amount to make 
the I.F. signal frequency exactly equal 
to the I.F. value of the receiver. Since 
the frequency developed by the oscil¬ 
lator circuit is essentially controlled 
by the capacity of the oscillator tank 
circuit condenser and the inductance 
of the tank coil, this D.C. control 
voltage must be converted into a ca¬ 
pacity or inductance which, when ap¬ 
plied to the oscillator resonant circuit, 
will give the necessary change in fre¬ 
quency. In a practical oscillator 
control circuit, the vacuum tube is 
usually made to act as an inductance, 
for this produces a more uniform 
A.F.C. action over the entire band. 

Before taking up an actual oscilla¬ 
tor control circuit, let us see how we 
can tell when a vacuum tube is acting 
as a coil. We know that when a coil 
is connected to an A.C. voltage source, 
the current drawn by the coil will lag 
the voltage by 90°. Suppose we had 
a box with two terminals, and some 
unknown electrical device inside. If 
we connected this box to an A.C. volt¬ 
age source and found that the current 
through the box lagged the voltage by 
90®, we would immediately say that 
the box acted like a coil. As far as 
the A.C. voltage source is concerned, 
this box is behaving as an inductance. 

When we increase the inductance of 
an ordinary coil, the reactance of the 
coil increases and as a result, the cur¬ 
rent through the coil is reduced. In 
other words, if the coil draws a low 
current, it has a high inductance; if 
the coil draws a high current, it has a 
low inductance. If, now, our imagi¬ 
nary box draws a high current which 
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lags the voltage by 9U", we would say 
that this box h»s a low inductance; if 
the box draws a low current, we would 
say that it has a high inductance. 
You will soon see that we can con¬ 
sider the oscillator control circuit as 
an imaginary box having two termi¬ 
nals which are connected across one 
of the coils in the oscillator resonant 
circuit. 

Now let us review a few funda¬ 
mental facts about coils. When one 
coil is connected in parallel with the 


Note that the D.C. control voltage 
produced by the discriminator is ap¬ 
plied to the control grid of the type 
6J7 oscillator control tube through re¬ 
sistor R 2 . This D.C. control voltage, 
acting in series with the automatic C 
bias voltage produced by C c and R c , 
determines the average D.C. plate 
current for the oscillator control tube. 
Turning now to the oscillator circuit, 
coil L 0 and tuning condenser section 
Co form the oscillator tuned circuit, 
with trimmer condenser Cpd serving 


OSCILLATOR 
CONTROL TUBE 


TO GRID OT 
MIXER TUBE 

OSCILLATOR TUBE 



TO DISCRIMINATOR 


FIG. 19A. Conventional oscillator control circuit (to the left of point* 1 
and 2) and receiver oscillator circuit which it controls (to the right of points 

1 and 2 ). 



FIG. 19B. Vector dia¬ 
gram for oscillator 
control circuit. 


other, the inductance of the combina¬ 
tion is less than that of either coil. 
Increasing the inductance of one of 
these coils increases the inductance of 
the combination, and likewise, de¬ 
creasing the inductance of one coil de¬ 
creases the inductance of the combi¬ 
nation. An increase in inductance 
lowers the resonant frequency of a 
resonant circuit; a decrease in in¬ 
ductance increases the resonant fre¬ 
quency. 

General Analysis of Oscillator Con¬ 
trol Circuits. Now we are ready to 
investigate the behavior of the oscil¬ 
lator control circuit, to see how the 
D.C. control voltage produced by the 
discriminator can make this circuit 
act like an inductance and can change 
its effective inductance to correct for 
errors in tuning. A typical oscillator 
control circuit, along with the special 
superheterodyne oscillator circuit 
upon which it acts, is shown in Fig. 
19A. 


as the oscillator padder. Condenser 
C g is the R.F. grid coupling condenser, 
and serves together with R e to pro¬ 
duce the rectified D.C. grid voltage 
for the 6K7 oscillator tube. Coil Lr 
is connected between the plate and 
grid circuits of the oscillator, and 
therefore provides feed-back; the 
upper end of this coil is grounded for 
R.F. current through by-pass con¬ 
denser Cp. The oscillator tube re¬ 
ceives its D.C. plate voltage through 
feed-back coil Lt, while the oscillator 
control tube receives its D.C. plate 
voltage through oscillator tank coil 
Lq • 

Resistor R i and condenser C\ in the 
oscillator control circuit are connected 
directly across the oscillator coil Lo in 
so far as R.F. currents are concerned, 
and form what is known as the phase- 
shifting network. This network re¬ 
ceives the full R.F. voltage developed 
by the oscillator circuit, for Cp is an 
R.F. by-pass condenser. The resist- 
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ance of Ri is bo much greater than the 
reactance of condenser C\ that we can 
consider this phase-shifting network 
as essentially a resistance. This means 
that the oscillator coil voltage e 0 will 
send through 2£i and Ci an R.F. cur¬ 
rent Ir which is essentially in phase 
with e<>. 

Let us again resort to vector dia¬ 
grams, to avoid the need for keeping 
phase relationships in mind while 
studying the circuit. We will use eo 
as our reference vector, and it is there¬ 
fore drawn as shown in Fig. 19B. 
Vector is can now be placed, also 
along the reference line since it is in 
phase with e 0 . 

The flow of R.F. current t' K through 
Ci develops across this condenser an 
R.F. voltage e g which lags i B by 90® 
(see diagram L in Chart /). We 
therefore draw vector e g lagging be¬ 
hind i B by 90°. This R.F. voltage e g 
is applied to the control grid of the 
oscillator control tube through D.C. 
blocking condenser C K , causing A.C. 
plate current io to flow through the 
oscillator control tube. This plate 
current will be in phase with the 
A.C. grid voltage, for this is a con¬ 
ventional amplifier circuit action in 
which a positive increase in the grid 
input voltage results in an increase in 
the plate current. We therefore draw 
vector io in phase with vector e g , as 
in Fig. 19B. Our vector diagram now 
shows clearly that R.F. current i 0 lags 
oscillator coil voltage e 0 by 90°. If 
we consider that part of the circuit to 
the left of points 1 and 2 in Fig. 19A 
as a device having two terminals, we 
can readily see that the current io 
which is drawn by this device will 
lag by 90° the voltage eo which is ap¬ 
plied to the device. We have thus 
shown that the oscillator control cir¬ 
cuit acts as an inductance shunting 
the oscillator coil Lo. 

Now let us see how the D.C. control 
voltage produced by the discrimina- 
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tor will affect the value of this in¬ 
ductance Bhunting Lo. If the D.C. 
control voltage which is applied to the 
grid of the oscillator control tube 
through i? 2 is positive with respect to 
ground, the net bias on this grid will 
become less negative, increasing the 
D.C. plate current of the oscillator 
control tube. Since this 6J7 tube is 
operated on the curved portion of its 
E g -lp characteristic curve, the in¬ 
crease in D.C. plate current produced 
by a positive D.C. control voltage 
moves the operating point for the tube 
to a steeper portion of the E g -I p char¬ 
acteristic. This means that a given 
A.C. voltage e 0 on the grid of the 
tube will produce a larger A.C. plate 
current io, making this stage act as a 
smaller inductance. If the D.C. con¬ 
trol voltage is negative, the net C 
bias voltage on the 6J7 tube becomes 
more negative. This shifts the operat¬ 
ing point nearer to plate current cut¬ 
off, and e 0 produces a low A.C. plate 
current, making this stage act as a 
larger inductance. Clearly, the D.C. 
control voltage produced by the dis¬ 
criminator serves to change the effec¬ 
tive inductance of the oscillator con¬ 
trol circuit. 

Now, for the first time, we can con¬ 
sider the action of the entire A.F.C. 
system. When the receiver is prop¬ 
erly tuned, so that the I.F. signal fre¬ 
quency corresponds to the resonant 
frequency of the discriminator reso¬ 
nant circuit, no D.C. control voltage 
is produced by the discriminator and 
the only C'bias acting upon the oscil¬ 
lator control tube is that produced by 
Co and Ro- This bias sets the operat¬ 
ing point for the tube at a point which 
allows a medium value of A.C. plate 
current io to flow. The inductance 
corresponding to this A.C. plate cur¬ 
rent, acting in shunt with the oscilla¬ 
tor inductance Lo, has been allowed 
for in the design of the oscillator, and 
consequently the A.F.C. system can 



be considered inactive when the re- receiver" having A.F.C. by the fact x 
ceiver is properly tuned. thAt it will have a double-diode \ 

When tuning is such that the I.F. , vacuum tube, vnth the two diode 
signal frequency is below the I.F/ plates connected into a tuned circuit 
value of the receiver, the discrimina- having a split or center-tapped coil 
tor produces a positive D.C. contrpl which is fed with the IJF. amplifier j 
voltage which increases the A.C. pla^p output voltage both inductively and 
current and decreases the inductance by a direct connection to the center 
effect of the oscillator control tube, \ tap. Each diode seotion thus gets 
thereby decreasing the shunt indue- Wo- distinc t I.F. vottagesT 1 , half of 
tance across the oscillator tank coil the I.F. output voltage of this reso- 


and increasing the oscillator fre¬ 
quency. 

When the I.F. signal frequency is 
higher than the correct value for the 
I.F. amplifier, the discriminator will 
produce a negative D.C. control volt¬ 
age which makes the net negative C 
bias on the oscillator control tube 
more negative. The result is a de¬ 
crease in A.C. plate current io; this 
corresponds to an increase in the ef¬ 
fective inductance shunting oscillator 
inductance Lo, and this action of 
course lowers the oscillator frequency 
just enough to compensate for incor¬ 
rect tuning. 

The A.F.C. system cannot correct 
completely for errors in tuning, for 
then there would be no' D.C. control 
voltage for correction purposes. The 
response of the I.F. amplier is always 
broad enough to allow for small er¬ 
rors in tuning, however, and conse¬ 
quently the A.F.C. action iB satisfac¬ 
tory for all practical purposes. 

Typical A.F.C. Circuit^* 

Although the circuits in Figs. 15 
and 19 have given the basic princi¬ 
ples of A.F.C. systems, you will find 
a great many variations of these 
circuits. Before analyzing a number 
of typical circuits to familiarize you 
with these variations, let us consider 
briefly those components of each sec¬ 
tion which are to be found in all 
AJF.C. systems. 

The discriminator section can be 
identified on the circuit diagram of a 


nant circuit; 2, the I.F. amplifier out¬ 
put voltage. The phase relationship 
between the voltages determines what 
the resultant I.F. voltage acting on 
each diode section will be. 

In general, the oscillator control 
tube will have C bias voltages pro¬ 
duced by two different sources: 1 , by 
a cathode circuit resistor; B, by the 
discriminator, feeding through a re¬ 
sistance-capacitance filter which keeps 
out R.F. components. Furthermore, 
the oscillator control circuit will have 
a phase-shifting network, usually 
made up of a resistor in series with a 
condenser, the combination being in 
shunt with the coil of the oscillator 
resonant circuit. The condenser in 
this phase-shifting network will have 
a very low capacity, ordinarily from 
about 2 mmfd. to 20 mmfd. Occasion¬ 
ally the grid-to-cathode inter-elec¬ 
trode capacity of the oscillator con¬ 
trol tube will be used in place of a 
separate phase-shifting condenser. 

With these general ideas in mind, 
we are ready to consider a few of the 
unique variations of the basic A.F.C. 
circuit just studied. 

General Electric A.F.C. System. In 
Fig. 20 is shown the circuit diagram 
of the A.F.C. system and associated 
circuits used in General Electric 
Models E-101, E-105 and E-106 all¬ 
wave superheterodyne receivers. The 
A.F.C. system follows very closely 
the fundamental circuit presented in 
Figs. 15 and 19, except that the dis¬ 
criminator in this General Electric 
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circuit also serves as second detector 
and A.V.C. tube. 

The output of the I.F. amplifier 
feeds into the discriminator circuit, 
through a conventional split-second¬ 
ary I.F. transformer with which you 
are already familiar (Fig. 15). 
Notice, however, that the resistor be¬ 
tween the cathodes of the double¬ 
diode tube is divided into three sec¬ 
tions rather than two. Point 2 is the 


of low voltage rating, which provides 
an entirely satisfactory ground for 
I.F. and A.F. signals. The use of 
this condenser permits connecting 
point 1 through a 100,000-ohm re¬ 
sistor to a —3 volt terminal in the 
power pack voltage divider. In this 
way all A.V.C.-controlled tubes in the 
receiver get an initial C bias of —3 
volts, eliminating the need for auto¬ 
matic C bias resistors in some of the 


DISCRIMINATOR * 2ND DETECTOR 



FIG. 20. Circuit diagram of tha A.F.C. ay*Um uacd in General Electric Model* ElOl* 

BIOS and E106 receiver*. 


midpoint of this resistor network. Be¬ 
tween this point and the upper cath¬ 
ode (point 4) is a 470,000-ohm load 
resistor, while between point 2 and 
point 1 , the lower cathode, is a 220,- 
000-ohm resistor in series with a 
270,000-ohm unit, these together be¬ 
ing approximately equal to the 470,- 
000-ohm resistor. The tap at point $ 
serves to provide a lower A.V.C. volt¬ 
age for one or more of the A.V.C.- 
controlled stages in the receiver. 

Ordinarily we would expect the cir¬ 
cuit to be grounded to the chassis at 
point 1 ; instead, however, it is 
grounded through a 10 mfd. condenser 
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cathode circuits. The 100,000-ohm 
resistor and 10 mfd. condenser also 
sera* to keep power pack hum out of 
the discriminator circuit. 

The cathode of the upper diode sec¬ 
tion is grounded through a 1 mfd. 
condenser, and the cathodes of both 
diode sections are therefore at ground 
R.F. potential. It is not essential that 
condensers of equal capacity be across 
each diode load resistor. The A.V.C. 
sources feed through 1.8-megohm 
A.V.C. filter resistors. 

A resistance filter made up of two 
100 mmfd. condensers and a 47,000- 
ohm resistor is placed between point 




2 and choke coil CH in order to place 
point 2 at ground potential for I.F. 
currents. These two condensers are 
not large enough to by-pass any audio 
currents to ground, but they do serve 
to keep I.F. currents out of the audio 
circuit. 

Now locate the A.F.C. switch in the 
discriminator circuit. When this 
switch is closed, the A.F.C. voltage 
developed between point 4 and point 
1 is shorted out, and no D.C. control 
voltage is applied to the oscillator 
control tube. The receiver now be¬ 
haves like any ordinary superhetero¬ 
dyne receiver not having A.F.C. At 
first glance, one might believe that 
the A.F.C. switch also shorts out the 
A.F. and A.V.C. voltages; actually, 
however, the discriminator circuit be¬ 
comes a full-wave detector, as shown 
in Fig. 21 , when the switch is closed. 
With this connection, one diode will 
rectify one-half of each cycle of the 
I.F. signal, and the other diode will 
rectify the other half of each cycle. 
Both half-wave rectified currents are 
fed through the same parallel resis¬ 
tors, thus providing full-wave rectified 
voltages across these resistors. 

The 1-mfd. condenser between 
point 4 and ground acts vfith the 
diode load resistors as a time delay 
which prevents immediate building up 
of the D.C. control voltage produced 
by the discriminator. The duration 
of this time delay is purposely made 
longer than the A.V.C. time delay, in 
order that the I.F. signal delivered to 
the input of the discriminator will 
reach its final value before A.F.C. cir¬ 
cuit action begins. This is necessary 
because the D.C. control voltage pro¬ 
duced by the discriminator is de¬ 
pendent upon the intensity of the I.F. 
signal as well as upon the amount by 
which it is off resonance (the greater 
the intensity of the I.F. signal, the 
greater will be the D.C. control volt¬ 
age available for correcting mistakes 
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in tuning, and consequently the A.F.C. 
system will be able to pull in strong 
stations even though the tuning dial 
setting may be considerably off from 
its correct value for that station). 

The D.C. control voltage produced 
by the discriminator in Fig. 20 is fed 
to the control grid of the oscillator 



FIG. 21. When the A.F.C. switch in the circuit of 
Fig. 20 it closed, the discriminator circuit le trans¬ 
formed into the conventional full-wave detector cir¬ 
cuit shown here. 

control tube through a 470,000-ohm 
circuit-isolating resistor. The parts 
between points a and b in the oscilla¬ 
tor control circuit form the phase- 
shifting network. A ,002-mfd. con¬ 
denser is inserted between the cus¬ 
tomary resistor and phase-shifting 
condenser to prevent the D.C. plate 
supply source from acting upon the 
control grid of the oscillator control 
tube. This extra condenser has 
negligible reactance at R.F. signal 
frequencies, and therefore serves 
merely as a D.C. blocking condenser. 

The oscillator control circuit to the 
left of points a and b acts as an in¬ 
ductance whose value depends upon 
the polarity and magnitude of the 
D.C. control voltage provided by the 
discriminator; thus effective induc¬ 
tance is shunted across the coil in the 
oscillator resonant circuit, the circuit 
being through a 30 mfd. condenser 
which serves as a D.C. blocking con¬ 
denser, and through an 8,200-ohm re¬ 
sistor which has the effect of equaliz¬ 
ing over the entire tuning range of the 
receiver the amount of shunt indue- 




tance applied to the oscillator reso¬ 
nant circuit. 

With these facts in mind, you 
should have no difficulty in complet¬ 
ing an analysis of this General Elec¬ 
tric A.F.C. system. It reacts in ex¬ 
actly the same way as the circuits in 
Figs. 15 and 19 to I.F. signals which 
are above or below the I.F. value of 
the receiver. 



FIG. 22. Tjpti of S-cuttm obtained with discrim¬ 
inator transformers having various da gra m of 
coopting. 


Discriminator Transformer Design 
Problems. The conventional discrim¬ 
inator transformer used in the circuits 
of Figs. 15 and 20 require careful de¬ 
sign. Weak coupling between the 
primary winding and the split second¬ 
ary winding makes these two tuned 
circuits highly selective, giving the S- 
curve marked A in Fig. 22. The 
steepness of the linear region of this 
curve indicates that stations will be 
pulled in very close to the I.F. value 
(to point 5); the small frequency dif¬ 
ference between the ends of the linear 
region means that manual tuning 
must be quite accurate before A.F.C. 
will take hold, and the relatively low 
magnitudes of D.C. control voltages 
provided by curve A may not be suffi¬ 
cient for full correction. 

Approximately critical coupling 
gives S-curve B, indicating greater 
D.C. control voltages and a greater 
frequency range over which A.F.C. 
will pull in a station; in fact, the 
linear range may be too wide, allow¬ 
ing an undesired station to be dragged 


over an adjacent desired station. The 
linear section of the curve is less steep, 
indicating that A.F.C. will not correct 
as completely as with curve A, but a 
deviation of a few hundred cycles 
from resonance is ordinarily quite per¬ 
missible. 

When coupling is greater than the 
critical value, the two tuned circuits 
interact, giving a double-peak re¬ 
sponse curve which results in the un¬ 
desirable S-curve at C in Fig. 22. 
This curve tells us that I.F. signals 
which are outside of the region be¬ 
tween points 1 and 2 will be pulled in 
to a frequency corresponding to these 
points rather than to the correct I.F. 
value at point 3. 

The curves in Fig. 22 show clearly 
that the design of a discriminator 
transformer must be a compromise 
between the various desired perform¬ 
ance characteristics. In addition, the 
receiver must have a good A.V.C. 
system, in order that signals which 
are received at different signal levels 
will produce almost identical voltages 
in the discriminator circuit. If this 
were not true the amount of correc¬ 
tion provided for mistuning would 
vary with the strength of the signal 
picked up. 

Silvertone (Sears Roebuck) A.F.C. 
System. The manufacturers of Sil¬ 
vertone receivers, as well as a number 
of other manufacturers, have over¬ 
come these discriminator transformer 
design problems by using a triple- 
tuned circuit ahead of the discrimina¬ 
tor, as shown in Fig. 23. The three 
resonant circuits, Li-Ci, Z/ 2 -L 11 -C 2 , 
and L s -L 4 -C 8 are all peak-tuned to 
the I.F. value of the receiver. Cir¬ 
cuit Lz-Lv-Cz is designed with the 
correct Q factor to give the desired 
S characteristic, and the coupling be¬ 
tween Lm and L 3 -L 4 is made close 
enough to give the required voltages 
across L s and for the diode sec¬ 
tions. 



Another unique feature of this Sil- 
vertone A.F.C. system is the absence 
of the choke coil ordinarily found be¬ 
tween points 1 and 2 . In this par¬ 
ticular circuit the choke coil is un¬ 
necessary because the required volt¬ 
age is developed by the middle reso¬ 
nant circuit (L 2 -C 2 -Z/m) which is di¬ 


lator control circuit. The connection 
is through a 1-megohm resistor and 
.1 mfd. condenser which serve as the 
A.F.C. filter. The time constant of 
this filter is greater than that of the 
A.V.C. filter, as is required. 

The oscillator control circuit in Fig. 
28 is of conventional design, with 



FIG. 23. Circuit diagram of the A.F.C. syttem used in the Silvertone model 4587 

receiver. 


rectly connected between points 1 and 
2 . Point 2 , being negative with re¬ 
spect to ground and having a poten¬ 
tial which is proportional to the recti¬ 
fied current flowing through the lower 
diode load resistor, serves as the 
A.V.C. terminal. The 1-megohm re¬ 
sistor and .05 mfd. condenser make 
up the A.V.C. filter which removes 
A.F. and I.F. components from the 
A.V.C. voltage and at the same time 
determines the time constant of the 
A.V.C. system. Point 2 also serves as 
the A.F. voltage supply terminal, with- 
the .05 megohm resistor and the two 
.00025 mfd. condensers keeping I.F. 
signals out of the audio amplifier. 
Terminal 8 on the diode load resistor 
network is, of course, the point from 
which the D.C. control voltage for 
A.F.C. purposes is fed into the oscil- 


and C N serving as the phase-shifting 
network. The receiver oscillator is of 
the tuned plate type, with the phase- 
shifting network shunting the oscilla¬ 
tor tuning coil. 

A somewhat similar discrimination 
circuit is also used in one RCA A.F.C. 
system; the essential difference be¬ 
tween the RCA and Silvertone cir¬ 
cuits is shown in Fig 24. The first 
two tuned circuits in the discrimina¬ 
tor transformer are the same in both 
cases, the difference being in the third 
tuned circuit. Note that in Fig. 24 
coil L m induces a voltage in the split- 
coil arrangement L 3 -L 4 , rather than 
in two separate coils as was the case 
in Fig. 23. Across L 3 -L 4 is fixed con¬ 
denser C 3 and variable inductance L, 
having an iron dust core whose posi¬ 
tion can be varied in order to change 
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the inductance of L and tune the dis¬ 
criminator circuit. Coil section L s 
also has an adjustable iron dust core 
which can be adjusted during align¬ 
ment of the receiver to make the in¬ 
ductance of I # 8 exactly equal to the 
inductance of L 4 and thus make both 
coils develop the same I.F. voltage 
for the diode section. 

Effect of Preselector Upon A.F.C. 
Action. Up to this point we have 
neglected the effects of the preselector 
upon the action of the A.F.C. sys¬ 
tem. Actually, however, the selec¬ 
tivity of the preselector is quite im¬ 
portant with relation to that charac¬ 
teristic of an A.F.C. system which is 
known as “dragging.” Consider, for 
example, a receiver having an S curve 
which indicates the ability to correct 
for signals as much as 5 kc. off tune. 
When a station is properly tuned in, 
then gradually tuned off resonance, 
the A.F.C. circuit will correct the 
oscillator frequency satisfactorily for 
about 5 kc. off resonance. Tuning 
farther off than this does not remove 
the discriminator control voltage en¬ 
tirely, as you can see by referring to 
the S curve in Fig. 18; actually the 
D.C. control voltage may be produced 
for a considerably greater deviation 
from resonance, but it will be insuffi¬ 
cient to correct completely for the off- 
tune condition. This action of an 
A.F.C. system in making a partial 
correction outside of the efficient oper¬ 
ating range of the system is referred 
to by engineers as “dragging.” 

When two stations are close to¬ 
gether in frequency, and one of the 
stations is tuned in, it is perfectly pos¬ 
sible that a receiver having A.F.C. 
and a broad preselector might not be 
able to pick up the other station. The 
station originally tuned in is held by 
the A.F.C. system because of excessive 
dragging action. With this broad pre¬ 
selector, the only way to hear the ad¬ 
jacent station would be to cut off 


temporarily the A.F.C. action of the 
receiver in order to allow the adjacent 
station signal to take hold of the 
A.F.C. system; a highly selective pre¬ 
selector, however, would not allow an 
A.F.C. system to hang onto a power¬ 
ful local station when the receiver is 
tuned to a weaker adjacent station. 

Here is another interesting result 
of dragging action; when a receiver 
having A.F.C. is tuned carelessly to 
a desired weak station, so that the de¬ 
sired signal is being dragged in from 
a position considerably off tune, any 
fading of this desired signal may al¬ 
low an adjacent station to take hold. 

The remedy for excessive dragging 
involves improving the selectivity of 
the preselector enough so that when 
the tuning condensers are outside the 
desired range of A.F.C. action, the 
reduction in R.F. gain will reduce the 
I.F. signal enough to make the dis¬ 
criminator release its control over the 
oscillator control tube. Strictly speak¬ 
ing, the preselector should be band- 
passed so it will tune broadly in the 
frequency range over which A.F.C. is 
to act, but will have a sudden reduc¬ 
tion in gain (high selectivity) immedi¬ 
ately outside of this band-pass re¬ 
gion. 

Band-pass preselectors are rarely 
used in receivers, but sufficient selec¬ 
tivity should be incorporated in the 
preselector to prevent annoying drag¬ 
ging action. Because it is not easy to 
get high preselector selectivity in the 
high frequency bands of an all-wave 
receiver, A.F.C. action is often 
omitted in these bands. Any A.F.C. 
circuit is most effective for strong sta¬ 
tions in the broadcast band. 

Philco Push-Pull A.F.C. System. 
The automatic frequency control sys¬ 
tem used in some Philco receivers is 
unique in that when the receiver is 
properly tuned or the A.F.C. system is 
shorted out, the receiver oscillator cir¬ 
cuit is entirely independent of the 
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A.F.C. system. It is therefore pos¬ 
sible to align the oscillator and pre¬ 
selector independently of the A.F.C. 
system, whereas in the systems pre¬ 
viously described the shunt inductance 
of the oscillator control tube always 
had to be considered when aligning 
the oscillator trimmer condensers. 

A typical example of this unique 
Philco push-pull A.F.C. system, that 
used in the Philco model 37-9 all¬ 
wave superheterodyne receiver, is 
shown in Fig. 25; it is also known as 
a magnetic tuning system. As you 
can see, the type 6K7G tube in the 
final I.F. amplifier stage feeds into 
two entirely separate circuits, a 6Q7G 
second detector-A.V.C.-first A.F. tube 
circuit (not shown) and the conven¬ 
tional 6H6G double-diode discrimina¬ 
tor circuit. 

The two diode sections of the dis¬ 
criminator tube each receive two I.F. 
voltages in the usual manner; the I.F. 
voltage existing across the tuned plate 
circuit of the 6K7G tube is applied be¬ 
tween the center tap of the split sec¬ 
ondary winding and the cathodes of 
the 6H6G tube, and the I.F. currents 
flowing in the split secondary (due to 
the voltage induced by current in the 
tuned plate circuit) produce across 
the coil sections the other I.F. voltage 
acting on each diode section. The re¬ 
sulting rectified current flow develops 
the required D.C. discriminator con¬ 
trol voltage across the two 2-megohm 
resistors connected between the cath¬ 
odes. The polarity of this voltage 
depends, of course, upon whether the 
I.F. signal frequency is above or be¬ 
low the correct value, and the magni¬ 
tude of this D.C. voltage depends 
upon the amount of error in tuning. 
This D.C. control voltage is applied 
across two 1-megohm resistors having 
their midpoint grounded, and hence 
points x and y will always be equal 
to each other in potential and of op¬ 
posite polarity with respect to ground. 


In this manner the discriminator out¬ 
put voltage is divided into two equal 
voltages of opposite polarity. 

During off-tune conditions these 
equal and opposite voltages at x and 
y are fed to points a and b, at the in¬ 
put of the oscillator control tube. 
Note that there is a 490,000-ohm re¬ 



sistor in each lead, with a .3 mfd. con¬ 
denser shunted across the leads; these 
filters serve to remove all I.F. and 
A.F. signal components and at the 
same time delay the discriminator 
action enough to make it slower than 
A.Y.C. action. The two .15 mfd. con¬ 
densers with common terminals 
grounded serve to maintain a balance 
between the filtered A.C. currents. 
Switch SWi is the A.F.C. ON-OFF 
switch; when in the OFF position it 
grounds points a and 6. Switch SW 3 
closes only when the dial tuning 
mechanism is operated, and shorts 
points a and b to prevent A.F.C. from 
dragging one station beyond the dial 
setting for another station. 

Observe now that a type 6A8G 
pentagrid converter tube serves as the 
first detector-mixer-oscillator tube for 
the receiver, with the first grid serving 
as the oscillator control grid and the 
second grid acting as the oscillator 
plate. The oscillator tuned circuit, 
made up of La, C i, C 3 and the 85- 
ohm resistor, is connected between the 
first grid and the chassis. The neces¬ 
sary feed-back is obtained by con¬ 
necting the oscillator plate electrode 
through a 250-mmfd. condenser to the 
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lower end of coil L x ; current flow 
through this section of L x induces the 
feed-back voltage in the main section 
of L\. Cz serves as the oscillator low 
frequency padder and C 2 as the high 
frequency trimmer. Rectified grid 
current flowing through L\ and a 
32,000-ohm resistor in the oscillator 
tuned circuit produces across this re- 


into the discriminator circuit. This 
R.F. voltage e R produces R.F. plate 
currents iz and t* which are in phase 
with e», are equal in value when both 
tube sections have the same C bias 
voltage, and flow in opposite direc¬ 
tions through the two halves (L 2 and 
L z ) of the secondary winding of the 
oscillator control transformer. 


FINAL IF STAGE 
6 K 



FIG. 25. Circuit diagram of tha push-pull A.F.C. ayatam (alao known aa magnetic tuning) used for tha 
broadcast band on the Philco model 37*9 all-wave receiver. There ia no A.F.C. action on ahort-wave bands 

in this set. 


sistor a self-adjusting negative C bias 
which acts in series with the fixed C 
bias produced by the oscillator cath¬ 
ode resistor. 

Locate the oscillator tuned circuit, 
shown in heavy lines in Fig. 25 and 
made up essentially of Li, C 1, C* and 
an 85-ohm resistor. The same R.F. 
current ii flows through all of these 
parts, developing across the 85-ohm 
resistor an R.F. voltage e E which is 
in phase with the current. 

R.F. voltage e E is applied to the 
two control grids of the 6N7G oscilla¬ 
tor control tube through 110 mmfd. 
condensers. Note that 99,000-ohm 
resistors connected to these grid leads 
prevent the R.F. voltage from feeding 


From your study of coils you will 
recall that increasing the amount of 
flux through a coil increases its in¬ 
ductance, and decreasing the flux low¬ 
ers the inductance. If current i 2 flow¬ 
ing through L 2 produces a flux which 
increases (aids) the flux produced by 
ii through Li, then is flowing in the 
opposite direction through Lz will pro¬ 
duce a flux which decreases (opposes) 
the flux produced by i\ through L\. 
(This holds true only when all three 
flux-producing currents are in phase, 
as they are in this circuit.) Current 
is thus has the effect of increasing the 
inductance of Li in the oscillator 
tuned circuit, while it decreases the 
inductance of L x . 
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When t, and i, are equal, their ef¬ 
fects upon the inductance of Li will 
be equal and will cancel each other. 
This proves clearly that when the 
A.F.C. system is inoperative, or when 
the receiver is properly tuned, the 
oscillator control tube has no effect 
whatsoever upon the oscillator tuned 
circuit. 


moving the operating point to a less 
steep region and reducing the A.C. 
plate current for that section. The 
D.C. control voltage thus makes is 
different from is. The effects of the 
larger current upon the inductance of 
Li are not altogether cancelled out by 
the effects of the smaller current; the 
result is a net change in the induc- 
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CHART 1. This chart gives you important facta about the phase relationships of voltages and currents for 
resistors, coils, condensers, and transformers in A.C. circuits. 


As you already know, improper 
tuning of a receiver causes D.C. volt¬ 
ages of equal value but opposite po¬ 
larity with respect to ground to be 
developed by the discriminator; these 
are applied to the grids of the 6N7G 
oscillator control tube through 99,000- 
ohm resistors, making one grid less 
negative and the other more negative 
than the bias value determined by the 
700-ohm cathode resistor. Making 
the net C bias of one triode section 
less negative moves the operating 
point on the E g -I v characteristic to a 
steeper region, increasing the A.C. 
plate current for that section; at the 
same time the net C bias on the other 
triode section becomes more negative, 


tance of L h and this changes the fre¬ 
quency of the oscillator. In other 
words, one current pushes up and the 
other pulls down the inductance of L%> 
The manner in which leads a and b 
are connected to the control grids of 
the 6N7G tube determines whether 
this control will be in the proper di¬ 
rection; if the control is such as to 
exaggerate errors in tuning, reversing 
the leads will correct the trouble. 

Adjusting A.F.C; Systems 

Fortunately for Radiotricians, the 
adjustment of an A.F.C. system is 
quite simple. The only instruments 
needed are an ordinary signal gen¬ 
erator capable of producing the I.F. 
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value of the receiver, and a sensitive 
low-range (0-10 volts) voltmeter. At 
least a 5,000 ohms-per-volt meter 
should be used; if this is not avail¬ 
able, use an ordinary vacuum tube 
voltmeter or one which you assemble 
yourself from a type 31 tube and bat¬ 
teries, using a milliammeter as the 
indicator. 

The signal generator is set at the 
I.F. value of the receiver and is con¬ 
nected to the input of the I.F. ampli¬ 
fier. The sensitive voltmeter is con¬ 
nected across the D.C. output termi¬ 
nals of the discriminator (points 1 
and 4 in Fig. 20; between the chassis 
and point 3 in Fig. 23; between points 
a and b in Fig. 25). The I.F. ampli¬ 
fier stages are now aligned in the 
usual manner for a maximum reading 
of the voltmeter. (Do not touch the 
trimmer across the split secondary of 
the discriminator stage at this time 
unless the voltmeter deflection is too 
small for an accurate adjustment; in 
this case, adjust the trimmer in either 
direction just enough to get a suitable 
deflection.) When adjusting the 
tuned circuit ahead of this split sec¬ 


ondary winding, it is a good plan to 
move the signal generator to the in¬ 
put of the previous tube; adjust this 
discriminator input circuit carefully 
for maximum output. 

Now, without changing the volt¬ 
meter or signal generator connections, 
adjust the trimmer condenser in the 
split coil circuit for zero meter read¬ 
ing. This adjustment is quite criti¬ 
cal, so be sure that the minimum 
reading is secured when the adjusting 
tool is removed. This is all there is 
to the adjustment of a conventional 
A.F.C. circuit. 

You might think that with so simple 
an adjusting procedure, the informa¬ 
tion given in the first part of this les¬ 
son is unnecessary for the practical 
man. This is decidedly not true, how¬ 
ever, for an understanding of how 
A.F.C. systems work is quite neces¬ 
sary when trouble develops due to 
failure of various parts in the system. 
If your work will involve the servic¬ 
ing of receivers having automatic fre¬ 
quency control, you will at some time 
or other find use for every bit of the 
information given in this lesson. 
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